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SUBSTRATE HOLDER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus used in 

semiconductor processing, and more speci?cally, to a sub 
strate holder to support a substrate during the performance 
of a process on the surface(s) of the substrate. 

2. Description of the Prior Art 
The surfaces of substrates are routinely subjected to 

various processes in the production of LSIs (large scale 
integrated circuits), LCDs (liquid crystal displays), and data 
storage disks. In the production of data storage disks in the 
form of hard disks, a substrate holder is typically used 
during processing to vertically support a circular substrate 
having a hole formed in its center. 

FIG. 9 is a schematic front vieW of a conventional 
substrate holder 1. FIG. 10 is a schematic perspective vieW 
Which illustrates the operation of substrate holder 1 shoWn 
in FIG. 9. Substrate holder 1 shoWn in FIGS. 9 and 10 
includes a base plate 11 Which is disposed vertically, and 
?xed support claWs 12 and a movable support claW 13 
provided on base plate 1. 
As shoWn in FIGS. 9 and 10, base plate 11 is a J -shaped 

cut-out formed from a square plate. Four ?xed support claWs 
12 are provided in the bottom curved portion of the J -shaped 
base plate (referred to beloW as the curved portion). Fixed 
support claWs 12 are disposed in positional relations such 
that, as shoWn in FIGS. 9 and 10, there is symmetry of the 
positions of pair of a support claWs With respect to a vertical 
line Which passes through the bottom most point of the J 
shape (indicated in the ?gures as central axis 10). 

Each ?xed support claW 12 comprises an L-shaped mem 
ber formed from a short rectangular strip Which has been 
bent. There are cut-outs in the curved portion of base plate 
11, and the ?xed support claWs 12 are mounted in these 
cut-outs, af?xed to base plate 11 by a screW or other fastener. 
The free end or tip of each ?xed support claW 12 has a 
V-shaped indentation such as shoWn in FIG. 10. 

Movable support claW 13 is ?xed to the top surface of 
base plate 11. Movable support claW 13 is formed from an 
elongate rectangular strip Which is bent into an L shape. One 
end of movable support claW 13 is ?xed to the top surface 
of base plate 11 by a screW or other suitable fastener. The 
free end or tip portion of movable support claW 13 is 
positioned on the central axis 10 and is directed doWnWard. 
A V-shaped indentation is formed in the tip of support claW 
13. 

The operation of the conventional substrate holder Will 
noW be described. Substrate holder 1 holds a substrate 2, 
such as a substrate for a hard disk, Which is in the shape of 
a circular plate having an opening 20 at its center. Substrate 
2 can be ?tted to and released from a transfer mechanism 4 
Which is provided With a substrate pickup arm 3 Which holds 
substrate 2, during transfer as shoWn in FIG. 10. 
As shoWn in FIG. 10, an opening and closing device 5 

Which opens and closes (i.e., raises and loWers, thereby 
engaging and disengaging) movable support claW 13 of 
substrate holder 1 is provided to be used With substrate 
holder 1. Opening and closing device 5 includes an opening 
and closing pin 51 and a displacement mechanism 52. Pin 51 
is capable of causing movable support claW 13, Which is 
made of a resilient, ?exible material, to bend by displacing 
the tip end of movable support claW 13 upWard. Note that 
displacement mechanism 52 is capable of moving pin 51 
both horiZontally (i.e., laterally) and vertically. 
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2 
The case in Which the substrate 2 is mounted in substrate 

holder 1 Will noW be described. Substrate pickup 3 inserts its 
front end in opening 20 in the center of substrate 2, raises it, 
and carries substrate 2 horiZontally to a position close to 
substrate holder 1. Pin 51 of opening and closing device 5 
is then moved laterally by transfer mechanism 52 and is 
advanced to a position beloW movable support claW 13 of 
substrate holder 1. Pin 51 is moved upWard, causing mov 
able support claW 13 to bend, as indicated by the dashed line 
in FIG. 9. This brings movable support claW 13 to an opened 
state. 

Substrate pickup 3 then moves substrate 2 into alignment 
With base plate 11 of substrate holder 1. Substrate pickup 3 
positions substrate 2 at a location Which is betWeen movable 
support claW 13 and ?xed support claWs 12. Transfer mecha 
nism 4 then loWers substrate pickup 3, such that substrate 2 
comes to rest on and is supported by ?xed support claWs 12. 

Displacement mechanism 52 of opening and closing 
device 5 then loWers pin 51, such that the bending force 
applied to movable support claW 13 is relaxed and movable 
support claW 13 returns to a generally horiZontal position. 
The tip (end) portion of movable support claW 13 comes into 
contact With and engages the upper edge of substrate 2. As 
a result, movable support claW 13 engages substrate 2 from 
above. Substrate pickup 3 then moves back and is taken by 
transfer mechanism 4 to a “standby” position (not shoWn) to 
aWait transfer of another substrate 2. Pin 51 also moves back 
and returns to a standby position. 
To remove substrate 2 from substrate holder 1, the pro 

cedure described above is reversed. Displacement mecha 
nism 52 of opening and closing device 5 moves pin 51 
laterally to a position beloW movable support claW 13. 
Displacement mechanism 52 of opening and closing device 
5 causes movable support claW 13 to bend upWard by raising 
pin 51. Transfer mechanism 4 drives substrate pickup 3, and 
the front end of substrate pickup 3 is inserted into central 
opening 20 of substrate 2. Substrate pickup 3 rises and lifts 
up substrate 2. After lifting up substrate 2, substrate pickup 
3 returns to a standby position, completing removal of 
substrate 2 from substrate holder 1. 
A processing apparatus in Which the above described 

substrate holder 1 can be used Will noW be described. FIG. 
11 is a schematic plan vieW Which shoWs a processing 
apparatus in Which the substrate holder shoWn in FIGS. 9 
and 10 may be used. 
The processing apparatus shoWn in FIG. 11 includes a 

substrate transfer chamber 61 and a processing chamber 62, 
located adjacent to one another and separated by a gate 
structure 66. A substrate 2 Which is to be processed is 
mounted on a substrate holder 1 (not shoWn in FIG. 11) in 
substrate transfer chamber 61. Substrate holder 1 on Which 
the substrate 2 has been mounted is then moved to process 
ing chamber 62. After processing has occurred in processing 
chamber 62, the processed substrate is returned to substrate 
transfer chamber 61, and is removed from the substrate 
holder. 
A sputtering apparatus Which produces a magnetic thin 

?lm is shoWn as an example of the substrate processing 
apparatus of FIG. 11. TWo magnition sputtering sources 63 
are provided inside the processing chamber 62. Each sput 
tering source 63 comprises a target 631 Which is sputtered 
and a magnet structure 633 Which is provided at the rear of 
target 631. A sputtering poWer supply 632 imposes a 
required voltage on each target 631. 
Magnet structure 633 consists of a columnar central 

magnet 634 Which is provided in the center and a ring 
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shaped peripheral magnet 635 Which surrounds central mag 
net 634. Magnet structure 633 establishes arcuate lines 636 
of magnetic force Which pass through target 631. These lines 
636 of magnetic force con?ne a plasma near the target 
surface and give rise to magnetron sputtering. 

Processing chamber 62 is provided With a vacuum pump 
ing system 64 and With a gas introduction system means 65 
for introducing a required plasma gas into its interior. When 
a voltage is imposed on target 631 by sputtering poWer 
supply 632 While a plasma supporting gas is in processing 
chamber 62, sputtering discharge takes place in the space 
adjacent to target 631, and a magnetron plasma, P, is formed 
on each side of the substrate. 
As shoWn in FIG. 11, sputtering sources 63 are installed 

as a pair such that they are positioned on opposite sides of 
substrate 2 Which is held by substrate holder 1. Since a 
magnetron plasma P is formed on each side of substrate 2, 
magnetron sputtering on both surfaces of substrate 2 is 
brought about by the pair of sputtering sources 63, and thin 
?lms are deposited simultaneously on the opposing surfaces 
of substrate 2. 

Aprocessing apparatus in Which a substrate holder of the 
type described above is used must produce high quality 
results. For example, in order to increase the recording 
capacity on a substrate for an information recording 
medium, it is desirable to produce a uniform quality mag 
netic thin ?lm over a region Which extends as close as 
possible to the peripheral edge of the substrate. 

HoWever, With the conventional substrate holder 
described above, the presence of support claWs 12 and 13 
interferes With the ability to achieve suf?ciently good 
quality processing of the substrate surface(s) over an area 
Which includes the regions close to the peripheral edge of 
substrate 2. Processing the surfaces of the substrate to 
deposit a thin magnetic ?lm Will be used as an eXample to 
describe the aforementioned disadvantage of the prior art 
substrate holder. 
As described above, in a conventional substrate holder of 

the type shoWn in FIG. 9, a substrate 2 is held by one 
movable support claW 13 and four ?Xed support claWs 12 
Whose tips (i.e., ends) are formed into shalloW V shapes. The 
peripheral edge of substrate 2 ?ts Within and is supported by 
these V shaped tips. 

The tip portions of support claWs 12 and 13 produce 
“shadoW regions” near the peripheral edge of substrate 2 
Which interfere With substrate processing. The formation of 
these “shadoW regions” causes a reduction in the quality 
(i.e., uniformity) of the processing step applied near the 
peripheral edge of the substrate. This is because in the 
production of a magnetic thin ?lm, sputtered material from 
target 633 is blocked by the tip portions of support claWs 12 
and 13. This causes a local reduction in the ?lm thickness 
close to the peripheral edge in the regions Where support 
claWs 12 and 13 are present. 

This reduction in the quality of the substrate surface 
processing due to shielding of the substrate surface is 
generally referred to as the “shadoW effect.” Given the 
demand for higher-density recording surfaces, shadoW 
effects have become a problem With the type of substrate 
holder described above because they reduce the surface area 
of the substrate Which may be used for accurate data storage, 
and hence reduce the storage capacity of the disk. 
One approach to reducing the shadoW effects caused by 

the presence of support claWs on a substrate holder is to 
reduce the number of support claWs. In this regard, in order 
to hold a substrate 2 such as described above vertically, it has 
been found satisfactory to use three support claWs. 
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4 
If there are four or more support claWs, the fourth and 

additional support claWs often do not contact the substrate 
unless they are mounted With very high precision. In this 
situation, the position in Which the substrate is supported 
varies depending on Which three claWs contact it. Thus, if 
there are four or more claWs, the precision and hence 
reproducibility of the locations Where the substrate is sup 
ported is reduced. Therefore, it is preferable that the number 
of support claWs be limited to three. 

Substrate holders in Which substrates are held vertically 
by three support claWs are described in the disclosures of 
Japanese Utility Model Publication No. 5-23570, Japanese 
Laid-open Utility Model Application No. 5-94267, and 
Japanese Laid-open Patent Application No. 8-274142. 
HoWever, in the substrate holders described in those 
applications, the support claW Which holds the loWer edge of 
the substrate is the tip (end) portion of a plate spring. 
Because of this, the place Where the claW holds the loWer 
edge is subject to change depending on the substrate’s 
Weight and the spring constant of the claW. Thus, these 
substrate holders have the disadvantage that it is dif?cult to 
make the substrate support positions consistent from sub 
strate to substrate. 

The support claWs Which contact the upper edge of a 
substrate and are described in the disclosures of Japanese 
Utility Model Publication No. 5-23570 and Japanese Laid 
open Utility Model Application 5-94267, contact the sub 
strate’s edge at locations Which are at an angle of 45 degrees 
or more relative to a horiZontal line through the center of the 
substrate. These substrate holders have the disadvantage that 
there is a strong possibility of damaging the quality of the 
substrate surface as a result of dust particles produced by the 
support claWs. 

This is because in thin ?lm deposition processes such as 
sputtering, a ?lm is deposited not only on the surface of a 
substrate but also on the surfaces of the support claWs. When 
the material deposited on the surfaces of the support claWs 
reaches a certain thickness, it peels off or ?akes because of 
its internal stress, thereby producing particles. Particles of 
the thin ?lm are particularly liable to be caused by move 
ment of the support claWs When the substrate is inserted into 
and removed from the substrate holder. 

When particles adhere to the surface of a substrate, they 
cause defects in the form of local irregularities in the ?lm 
thickness. In the devices described in the disclosures of 
Japanese Utility Model Publication No. 5-23570 and J apa 
nese Laid-open Utility Model Application No. 5-94267, 
since the support claWs contact the edge of a substrate at 
locations Which are at 45 degrees or more relative to the 
center of the substrate, there is the probability that dust 
particles produced by the supports Will adhere to the surface 
of a substrate When they fall doWn, and defects of the type 
noted above Will occur. 

In the substrate holder described in the disclosure of 
Japanese Laid-open Patent Application No. 8-274142, sup 
port claWs on the left and right contact the edge of a substrate 
at locations Which are on a line through the center of the 
substrate. With this device, the probability of adhesion of 
dust particles is reduced. HoWever, With this type of device, 
there is essentially no force pressing the substrate doWn 
Ward. As a result, there is a risk that the substrate Will not be 
?rmly held in the vertical aXis, and thus this type of 
conventional substrate holder has a disadvantage because it 
is limited in its ability to securely hold a substrate. 
What is desired is a substrate holder Which can be used to 

process a substrate uniformly in surface regions close to the 
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peripheral edge of the substrate, and Which is capable of 
more securely holding a substrate than available substrate 
holders, Without increased risk of particle contamination. 

SUMMARY OF THE INVENTION 

The present invention is directed to a substrate holder 
Which is used to hold a substrate in a vertical position in a 
substrate processing apparatus during processing of the 
substrate. The substrate holder is provided With a base plate 
Which is mounted vertically and three support claWs Which 
are mounted on the base plate. The three support claWs 
engage the peripheral edge of a substrate and hold the 
substrate in a vertical position. One of the three support 
claWs is a ?xed support claW Which engages the loWer edge 
of the substrate, and Whose position does not change When 
the Weight of the substrate is supported. The other tWo 
support claWs are movable support claWs Which engage the 
side edge of the substrate and restrain motion of the sub 
strate. The moveable support claWs can be opened and 
closed When the substrate is placed in and removed from the 
substrate holder. The tWo movable support claWs are 
installed on the base plate in a manner so that When the 
substrate is supported by the ?xed support claW they contact 
the side edge of the substrate at locations Which are above 
the height of the center of the substrate. 

In addition, there is provided an opening and closing 
mechanism Which opens and closes the movable support 
claWs. The opening and closing mechanism contacts the 
movable support claWs, or elements Which hold the movable 
support claWs, at locations Which are loWer than the height 
of the center of the substrate. 
When the substrate is loWered from a required height and 

set on the ?xed support claW, the movable support claWs 
come into contact With the substrate at side-edge locations at 
5 degrees to 45 degrees above a horiZontal axis through the 
center of the substrate. In one embodiment, the movable 
support claWs are provided at the tip (ends) of plate springs. 

Inner-side stoppers are provided to restrain the movable 
support claWs in required positions When the substrate is set 
on the ?xed support claW. The movable support claWs may 
be provided at the tip ends of plate springs or may be 
constituted by plate springs. Outer-side stoppers are pro 
vided in order to restrain further opening of the movable 
support claWs at required positions. The movable support 
claWs and the ?xed support claW are all detachably mount 
able on the base plate. 

The base plate possesses a generally circular opening With 
a diameter greater than that of the substrate. The substrate is 
positioned Within the opening and loWered onto the ?xed 
support claW. The ?xed support claW and the movable 
support claWs are provided on the base plate in a manner 
such that they project inWard from the edge of the generally 
circular opening and contact the peripheral edge of the 
substrate. When the substrate is installed, it is surrounded by 
the peripheral edge of the opening apart from regions Where 
the ?xed support claW and the movable support claWs are 
located. The gap betWeen the peripheral edge of the sub 
strate and the edge of the generally circular opening or the 
substrate-side edge of an element Which is mounted on the 
base plate is preferably 7 mm or less. The three support 
claWs and elements by Which the support claWs are mounted 
on the base plate have a Width Which is not more than the 
base plate thickness, and they do not project from the plate 
surface of the base plate. 

Another embodiment of the present invention is a sub 
strate holder Which is used for supporting a substrate in a 
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6 
vertical position in a substrate processing apparatus during 
processing. The substrate holder is provided With a vertical 
base plate and a plurality of support claWs Which are 
mounted on the base plate in a manner such that they contact 
the peripheral edge of a substrate and hold the substrate in 
a vertical position. These plural support claWs are band 
plate-shaped elements for Which the substrate thickness 
direction is the Width direction, and the thickness of the 
substrate-contacting portions of the support claWs is 0.2 mm 
to 2 mm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevation vieW shoWing the structure of a 
substrate holder according to a ?rst embodiment of the 
present invention. 

FIG. 2 is shoWs the cross-section of the substrate holder 
of FIG. 1, taken along line X—X of the ?gure. 

FIG. 3 is a schematic perspective vieW for describing the 
actuation of the movable support claWs shoWn in FIG. 1. 

FIG. 4 is a draWing shoWing the motion of the movable 
support claWs of FIG. 1. 

FIG. 5A is a graph shoWing the ?lm uniformity charac 
teristics at a radial distance of 40 mm from the center of a 
substrate on Which a magnetic thin ?lm has been produced 
using the conventional substrate holder device shoWn in 
FIG. 9. 

FIG. 5B is a graph shoWing the ?lm uniformity charac 
teristics at a radial distance of 46.5 mm from the center of 
a substrate on Which a magnetic thin ?lm has been produced 
using the conventional substrate holder device shoWn in 
FIG. 9. 

FIG. 6A is a graph shoWing the ?lm uniformity charac 
teristics at a radial distance of 40 mm from the center of a 
substrate on Which a magnetic thin ?lm has been produced 
using the substrate holder device of the present invention. 

FIG. 6B is a graph shoWing the ?lm uniformity charac 
teristics at a radial distance of 46.5 mm from the center of 
a substrate on Which a magnetic thin ?lm has been produced 
using the substrate holder device of the present invention. 

FIG. 7 is a graph shoWing the relation betWeen the siZe of 
the gap betWeen a substrate and the base plate of a substrate 
holder and the magnitude of the modulation, indicating the 
degree to Which modulation increases When the gap is made 
larger. 

FIG. 8 is a schematic elevation vieW shoWing the structure 
of a second embodiment of the substrate holder of the 
present invention. 

FIG. 9 is a top vieW shoWing the structure of a conven 
tional substrate holder device. 

FIG. 10 is a schematic perspective vieW used to describe 
the operation of the substrate holder device of FIG. 9. 

FIG. 11 is a plane vieW shoWing the structure of an 
example of a substrate processing apparatus in Which the 
substrate holder device shoWn in FIGS. 9 and 10 may be 
used. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is an elevation vieW shoWing substrate holder 102 
according to a ?rst embodiment of the present invention. 
FIG. 2 shoWs the cross-section of the substrate holder of 
FIG. 1, taken along line X—X. Substrate holder 102 may be 
used to hold a circular substrate 2 With a diameter of about 
95 mm as may be used in a “hard disk” memory device. In 
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this situation, the thickness of substrate 2 is about 0.8 mm, 
and its Weight is about 14 grams. 

Substrate holder 102 shoWn in FIG. 1 includes a base 
plate 100, and three support claWs 141, 142 and 143. 
Support claWs 141, 142, and 143 are mounted on base plate 
100 in a manner such that in operation they contact the 
peripheral edge of substrate 2 and ?rmly hold substrate 2 in 
a vertical position. 

Base plate 100 has a generally rectangular plate shape. A 
mounting portion 110 adapted to be mounted on a transfer 
carrier (not shoWn) is formed at the loWer portion of base 
plate 100. The transfer carrier is used to move substrate 
holder 102 horiZontally (laterally) to a desired position. 
As shoWn in FIG. 1, a generally circular opening Which is 

slightly larger than substrate 2 is formed in base plate 100. 
In operation substrate 2, is supported by substrate holder 102 
Within this opening. 

Of the three support claWs 141, 142 and 143, support claW 
141 is a ?xed support claW Which supports the loWer edge 
of substrate 2, While the remaining tWo support claWs 142 
and 143 are moveable support claWs Which contact the side 
edges of substrate 2. 

The shape and the mounting structure of ?xed support 
claW 141 shoWn in FIGS. 1 and 2 Will noW be described. 
Fixed support claW 141 is detachably ?xed to base plate 100 
by a ?rst mounting ?xture 151. As shoWn in FIG. 2, ?xed 
support claW 141 is an elongate, generally rectangular 
structure Whose Width is slightly greater than the thickness 
of substrate 2. Support claW 141 is oriented such that its 
Width is in the direction of the plate thickness of substrate 2. 
As shoWn in FIG. 1, ?xed support claW 141 is installed in a 
manner such that it contacts the substrate at a location Which 
is directly beloW the center of the substrate. 
As shoWn in FIG. 2, at the tip (end) of ?xed support claW 

141 is formed a shalloW V-shape. This V-shaped portion 
provides a surface Which engages the loWer edge of sub 
strate 2. This structure suppresses movement of substrate 2 
in the directions into and out from the plane of FIG. 1. 
Increasing the depth of the “V”, i.e., making the angle 
sharper, makes the support of substrate 2 more stable, but 
has the disadvantage of causing increased shadoWing. 

Fixed support claW 141 is preferably made of a highly 
rigid material such as stainless steel or INCONEL®. As 
shoWn in FIG. 1, the plane de?ned by claW 141 is generally 
perpendicular to the plane de?ned by the substrate. Thus, 
When substrate 2 is supported, there is substantially no 
bending or changing of the support positions due to elas 
ticity of the material from Which support claW 141 is made. 
Therefore, the support position of substrate 2 can be made 
consistent. Even if ?xed support claW 141 bends slightly 
When substrate 2 is set on it, in most cases there Will not be 
a problem because claW 141 Will return to a vertical state by 
virtue of the elasticity of the material from Which it is 
fabricated. 
As shoWn in FIG. 1, a ?rst bottleneck 152 is formed in 

base plate 100 extending vertically doWnWard from the 
loWer edge of the opening of base plate 100. As further 
shoWn in FIG. 1, a generally square opening is formed at the 
loWer end of ?rst bottleneck 152. Mounting ?xture 151 is 
mounted on base plate 100 at the loWer edge of this square 
opening. 
As can be seen from FIG. 2, a recess is formed at the 

loWer edge of the square opening of plate 100, and mounting 
?xture 151 is installed in the recess such that the combined 
thickness of the base plate and the mounting ?xture 151 is 
substantially the same as the thickness of the mounting plate. 
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8 
Mounting ?xture 151 is ?xed to base plate 100 by a screW 
153 or other suitable fastener. 

Mounting ?xture 151 has a portion Which projects verti 
cally upWards. Fixed support claW 141 is inserted in a gap 
formed in this portion. Fixed support claW 141 is inserted 
into this gap and is ?rmly held by a screW 154 or other 
suitable fastener. 
The shape and mounting structure of movable support 

claWs 142 and 143 Will noW be described. As shoWn in FIG. 
1, movable support claW 142 on the left side of base plate 
100 has the shape of an elongate rectangle Which is bent into 
an “L” shape. The bent tip (end) portion of movable support 
claW 142 is directed toWards the center of substrate 2 When 
substrate 2 is supported on ?xed support claW 141. Like 
?xed support claW 141, the tip (end) of movable support 
claW 142 is formed to have a shalloW V-shape Which assists 
in suppressing movement of substrate 2 during processing. 

In the preferred embodiment, movable support claW 142 
is mounted on the end of a plate spring 155. As shoWn in 
FIG. 1, plate spring 155 is installed in a generally vertical 
orientation. The loWer end of plate spring 155 is ?xed to 
base plate 100 by a screW 156 or other suitable fastener. 
Plate spring 155 is capable of motion centered about the 
portion Where it is ?xed by screW 156. 

Plate spring 155 is provided With a ?ll-in block 16 in 
addition to movable support claW 142. As shoWn in FIG. 1, 
the rear end of movable support claW 142 is held betWeen 
plate spring 155 and block 16. ScreW 157 passes through 
plate spring 155 and movable support claW 142 and is 
screWed into block 16. Movable support claW 142 and block 
16 are mounted at the end of plate spring 155. 

Block 16 ?lls in the space betWeen movable support claW 
142 and substrate 2 and prevents entry of plasma during 
processing of substrate 2. Seen from the front, block 16 has 
a generally trapeZoidal shape, and has a thickness approxi 
mately the same as the thickness of base plate 100. The edge 
of block 16 next to the substrate has an arcuate shape. The 
center of this arc coincides With the center of substrate 2 
supported on ?xed support claW 141. 
An opening 111 is formed in base plate 100 to permit 

movable support claW 142, plate spring 155, and ?ll-in block 
16 to move integrally. Opening 111 connects to the circular 
opening at the upper end, and extends doWnWard. Further, 
beloW its central portion, it connects to an opening 112 for 
arm actuation into Which an opening and closing lever 71 of 
an opening and closing mechanism is inserted (see FIG. 3). 
As shoWn in FIG. 1, movable support claW 143 is sub 

stantially the same as movable support claW 142. When 
inserted into substrate holder 102, substrate 2 is restrained 
on the right and the left sides by support claWs 142 and 143. 
The opening and closing mechanism Which controls the 

motion of movable support claWs 142 and 143 Will noW be 
described. FIG. 3 is a schematic perspective vieW for 
describing the actuation of movable support claWs 142 and 
143 shoWn in FIG. 1. 
The mechanism Which opens and closes movable support 

claWs 142 and 143 includes an opening and closing lever 71 
Which is supported on a vertical rotation shaft. Lever 71 is 
moved through a required angle by a roller 72 Which 
contacts it. Roller 72 is mounted at the front end of a cam 
holder 73. Cam holder 73 is ?xed to a drive rod 74, Which 
is connected to a linear displacement source 75 such as an 
air cylinder. Linear displacement source 75 moves cam 
holder 73 horiZontally. 

In order to open movable support claW 142, linear dis 
placement source 75 pushes drive rod 74 forWard causing 
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cam holder 73 to advance. This causes roller 72 to advance 
and contact (engage) lever 71. Roller 72 pushes lever 71 
causing it to turn approximately 90 degrees. Lever 71 pushes 
on plate spring 155 at a location Which is approximately at 
the height of the center of plate spring 155. As described 
above, plate spring 155 Which is connected to movable 
support claW 142 and block 16 is pushed outWard by lever 
71. Movable support claW 142 and block 16 move toWards 
the exterior of base plate 100, aWay from the opening in the 
base plate. Movable support claW 142 is opened by this 
action. 

To close movable support claW 142, linear displacement 
source 75 pulls in drive rod 74 and causes cam holder 73 to 
move back. When roller 72 moves back, a restoring spring 
76 causes lever 71 to turn in the opposite direction and move 
aWay from plate spring 155. Plate spring 155 is returned to 
its original vertical position by its resilient force. 

Another opening and closing lever 71 and roller 72 are 
provided at the other end of cam holder 73 (not shoWn) to 
actuate moveable support claW 143. The tWo levers 71 at 
opposing ends of cam holder 73 are connected to each other 
by restoring spring 76. Levers 71 and rollers 72 on opposite 
sides open and close movable support claWs 142 and 143 on 
opposite sides of cam holder 73 substantially simulta 
neously. 

The opening and closing mechanism actuates the move 
able support claWs at locations Which are at approximately 
the height of the centers of the springs. The opening and 
closing mechanism of the present invention effectively pre 
vents any particles Which are produced during actuation of 
the movable support claWs from adhering to substrate 2. 
When lever 71 comes into contact With a plate spring 155, 

there is a risk of particles being produced because sputtered 
material deposited on the plate spring 155 may be scraped 
off, or the surface of the spring itself may be abraded. If the 
location of contact of lever 71 Were made higher than at the 
height of the center of substrate 2, there Would be a 
possibility that particles produced Would adhere to substrate 
2 since they Would pass over the substrate as they fall 
doWnWard. HoWever, in the embodiment of the present 
invention shoWn in FIGS. 1—3, this problem is effectively 
prevented, since the contact location of opening and closing 
lever 71 is loWer than the height of the center of substrate 2. 
The problem of adhesion of dust particles to substrate 2 can 
be further prevented by covering all of opening 111 or the 
portion of opening 111 Where actuation of the moveable 
support claWs occurs. 

According to one aspect of the present invention, in order 
to make the shadoW effect due to support claWs 141, 142 and 
143 as small as possible, the claWs should have a thickness 
of about 0.5 mm. The inventors have determined that if the 
thickness of support claWs 141, 142 and 143 exceeds 2 mm, 
the shadoW effect becomes large enough to cause problems. 

Support claWs 141, 142 and 143 are preferably made of 
steel such as stainless steel or INCONEL®. If the thickness 
is less than 0.2 mm, there may arise the problem that, When 
a substrate 2 Which is about 10—15 grams in Weight is 
supported, the mechanical strength of the support claWs is 
too small and ?xed support claW 141 bends. This causes its 
support position to change, such that substrate 2 cannot be 
supported properly. 

Accordingly, the thickness of support claWs 141, 142 and 
143 is preferably in the range of 0.2 to 2 mm. Since it is the 
tip (end) portions of support claWs 141, 142 and 143 Which 
have the greatest contribution to the shadoW effects, in most 
cases there are no practical problems if the thickness of 
portions of the claWs other than the tip portions exceeds 2 
mm. 
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10 
In the substrate holder device of the present invention, 

support claWs 141, 142 and 143 and mounting devices 151 
Which ?x the position of support claWs 141, 142 and 143 
have a Width Which is less than the thickness of base plate 
100, and do not project from the plate surfaces of base plate 
100. Thus, the substrate holder of the present invention is 
particularly suitable for transfer through a narroW space. 

In an in-line multi-chamber substrate processing device, 
the chambers are hermetically connected, With gate valves 
provided at the chamber boundaries. The opening area of the 
gate valve is made as small as possible, in order to prevent 
the atmospheres of the chambers from contaminating one 
another. The substrate holder device is transferred into the 
chambers via the gate valve by being passed through a 
narroW gate valve opening. 

In such a situation, if there are elements Which project 
from the surface of base plate 100, there is a risk that, 
because of some form of ?exing, these projecting elements 
Will catch on the edge of the gate valve opening and impede 
transfer of the substrate holder device. While the gate valve 
opening could be made larger to prevent this from 
happening, as described above, it is best to keep the gate 
valve opening as narroW as possible. This goal may be 
achieved With the present invention, since no elements 
project from the plate surfaces of base plate 100, and transfer 
operations can be effected even in a narroW space. 
The operation and use of the inventive substrate holder 

device Will noW be described. First, the operation by Which 
a substrate 2 is mounted in the substrate holder Will be 
described. 

Substrate 2 is supported by substrate pickup 3 and trans 
ferred by a displacement mechanism (not shoWn) to the 
location of the substrate holder. The displacement mecha 
nism stops substrate pickup 3 at the position Where substrate 
2 is indicated by a dotted line in FIG. 1. As shoWn, substrate 
2 is temporarily raised at the time of a substrate’s mounting 
or removal. 

After substrate 2 has been positioned at this raised 
position, the displacement mechanism loWers substrate 
pickup 3, setting substrate 2 onto ?xed support claW 141 as 
indicated by the solid line in FIG. 1. Aset time after substrate 
pickup 3 starts to move doWn, movable support claWs 142 
and 143 are moved into contact With the side edge of 
substrate 2 as described above. This occurs partWay through 
the descent of substrate 2. 

This operation Will be described in further detail With 
reference to FIG. 4, Which is a draWing shoWing the motion 
of movable support claW 142 of FIG. 1. Before substrate 2 
is installed, movable support claW 142 is opened, i.e., it is 
bent slightly from vertical, as indicated by the tWo-dot chain 
line in FIG. 4. This state is one in Which roller 72 of the 
opening and closing mechanism shoWn in FIG. 3 has moved 
forWard and lever 71 has pushed plate spring 155 outWard. 

Apredetermined time after substrate 2 starts to be loWered 
from the raised position in the manner described above, the 
opening and closing mechanism moves roller 72 back and 
lever 71 is returned to its original position. As a result, plate 
spring 155 moves toWards the opening in substrate holder 
101 because of its resilient force. As indicated by the dotted 
line in FIG. 4, the tip of movable support claW 142 comes 
into contact With the side edge of substrate 2 Which is being 
loWered from the raised position. If the center O‘ of substrate 
2 at the moment of contact is taken as a reference and the 
position (referred to beloW as the gripping start position) at 
Which the tip of movable support claW 142 comes into 
contact is indicated as the angle 0‘, this position is located at 
about 5—45 degrees from the horiZontal relative to the center 
0‘. 
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Substrate pickup 3 continues to move doWn after the start 
of contact betWeen the substrate and movable support claW 
142. As indicated by the fall lines in FIGS. 1 and 4, the tip 
of movable support claW 142 continues to be in contact With 
the edge of substrate 2 up until substrate 2 is set on ?xed 
support claW 141. The result is that the tip of movable 
support claW 142 may slide a little on the edge of substrate 
2 after it ?rst contacts the substrate. 

When the substrate reaches its ?nal position, the contact 
position (referred to beloW as the contact position at the time 
of mounting) of the tip of movable support claW 142 is at 
about 5 to 45 degrees above the horiZontal relative to the 
center 0. This angle is represented in FIG. 4 as angle 6. 

Thus, in the substrate holder of the present invention, 
movable support claW 142 starts to come into contact With 
the edge of the substrate at a contact start location Which is 
at an angle of 45 degrees or less relative to the height of the 
center of substrate 2. When installation is completed, there 
is contact betWeen the substrate and holder at a location 
Which is above the center of the substrate. Therefore, the 
substrate support is stabiliZed and the problem of particles 
being generated and contaminating the substrate is reduced. 

If movable support claW 142 Were to come into contact 
With the substrate at an angle exceeding 45 degrees, the 
probability of dust particles being released because of con 
tact rebound and adhering to the surface of substrate 2 Would 
be increased. This problem is reduced in the present 
invention, since the angle is not more than 45 degrees. On 
the other hand, if movable support claW 142 contacts the 
edge of substrate 2 at a height beloW the center of substrate 
2, there Would be no force pressing on the substrate 2 from 
above, and there Would be a risk of substrate 2 moving 
during processing. 

Although movable support claW 143 on the right is not 
shoWn in FIG. 4, it is operated in the same Way as movable 
support claW 142. 
When substrate 2 has been installed in the manner 

described above, substrate pickup 3 moves doWn and is 
positioned in the center of the central opening of substrate 2. 
It is then moved back and WithdraWn from the opening and 
moved to a “standby” position by the displacement mecha 
nism. This completes the substrate installation operation. 
Removal of substrate 2 is performed by a procedure 

Which is opposite to that of the installation operation 
described above. After substrate pickup 3 has been moved 
and positioned in the central opening of substrate 2 by the 
displacement mechanism, it is raised up. When being raised, 
the edge of the central opening of substrate 2 sets on 
substrate pickup 3, and the loWer edge of substrate 2 moves 
aWay and is disengaged from ?xed support claW 141. 
When substrate pickup 3 rises further, the opening and 

closing mechanism is actuated after a set time lag, and plate 
springs 155 are opened. Rollers 72 move forWard and push 
opening and closing levers 71. Opening and closing levers 
71 turn and cause plate springs 155 to displace outWard. 
Movable support claWs 142 and 143 are bent open toWard 
the exterior of base plate 100. 

Substrate pickup 3 stops in a state in Which substrate 2 has 
been raised to a desired position. After that, the displacement 
mechanism moves substrate pickup 3 horiZontally 
(laterally), and substrate 2 is removed from substrate holder 
102 and transferred to a desired location. 

As can be seen from the description above, in the opera 
tion of the present invention, movable support claWs 142 and 
143 open only after substrate pickup 3 holds substrate 2. 
This prevents the toppling of substrate 2 When the substrate 
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is raised from ?xed support claW 141. If movable support 
claWs 142 and 143 opened before substrate 2 Was held in a 
stable manner, support Would only be provided by ?xed 
support claW 141, and substrate 2 Would not be able to stand 
independently. In the present invention, this problem is 
prevented, since movable support claWs 142 and 143 open 
only after substrate pickup 3 engages substrate 2. 

In the present invention, support claWs 141, 142 and 143 
are detachably mounted on base plate 100. To remove ?xed 
support claW 141, screW 153 is loosened and mounting 
?xture 151 is removed from base plate 100, and then screW 
154 is loosened and ?xed support claW 141 is removed from 
mounting ?xture 151. After a different ?xed support claW 
141 has been inserted into mounting ?xture 151 and ?xed by 
a screW, mounting ?xture 151 is re-?xed by a screW to the 
base plate. For movable support claWs 142 and 143, screWs 
156 are loosened and plate springs 155 are taken from base 
plate 100, and then screWs 157 are loosened and the movable 
support claWs are removed from spring plates 155. Replace 
ment movable support claWs 142 and 143 are similarly ?xed 
by screWs and mounted on base plate 100. 
When the inventive substrate holder is used as part of a 

?lm deposition (e.g., sputtering) process, the described 
replacement of support claWs 141, 142 and 143 may be 
performed after processing has been repeated a number of 
times. During sputtering, ?lms are deposited on support 
claWs 141, 142 and 143. Although the problem of particles 
released from ?lms adhering to support claWs 142 and 143 
is reduced, as described above, if the ?lms become thick 
enough, they can peel off because of internal stress, and the 
risk of particulate contamination can become signi?cant. 
Thus, it is advisable to periodically replace support claWs 
141, 142 and 143 With new ones after a predetermined 
number of deposition processes. 

Note that support claWs 141, 142 and 143 Which have 
been used can be re-used if the ?lms adhering to their 
surfaces are removed, such as by sand-blasting or chemical 
means. If there is considerable erosion of the surfaces of 
support claWs 141, 142 and 143 during ?lm removal, re-use 
may not be possible if the dimensions are no longer Within 
speci?cation. If support claWs 141, 142 and 143 are formed 
from stainless steel, they may be usable only a limited 
number of times. 
With the device of the present invention, since base plate 

100 is left as it is and only support claWs 141, 142 and 143 
are replaced, ?lm removal is easy, and doWn time of the 
substrate processing system is minimiZed. 

In the substrate holder of the present invention, substrate 
2 is installed in the generally circular opening of base plate 
100, and the space around substrate 2 is ?lled by base plate 
100 or by an element Which is mounted on base plate 100 
(e.g., block 16). The distance betWeen the edge of the 
generally circular opening in the substrate holder and the 
edge of the substrate 2 is about 3 mm, and the distance 
betWeen the edge of substrate 2 and the edge of the substrate 
side of block 16 is preferably about 2 mm. The gap formed 
around the substrate is preferably about 2 to 3 mm. 

Note that the substrate holder device of the present 
invention is Well suited for use in a substrate processing 
apparatus in Which a plasma is formed near the substrate, 
such as in the sputtering apparatus described above. The 
substrate holder of the present invention overcomes a sig 
ni?cant disadvantage of prior art substrate holders used 
during plasma processing. 
The inventors have determined that When there is a gap 

betWeen a substrate and a substrate holder in a plasma 
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processing operation, the plasma may penetrate into the gap 
and affect the quality of the processing operation (e.g., the 
thickness or uniformity of the ?lm deposited). It Was further 
determined that this effect is increased When a negative bias 
voltage is imposed on the substrate. 
A plasma Will diffuse to ?ll the surrounding space, and 

When a gap of suf?cient siZe is formed around a substrate, 
the plasma may penetrate into the gap. This diffusion effect 
is someWhat pressure dependent. 
When a plasma penetrates into a gap around a substrate, 

and if the manner in Which it enters is nonuniform, it is 
possible that processing of the surface of the substrate Will 
become nonuniform. When a substrate 2 is supported inside 
a J-shaped cut-out in a base plate 11 as in the prior art 
substrate holder shoWn in FIG. 9, the gap around substrate 
2 is nonuniform, i.e., the gap is not constant around the 
periphery of the substrate. In this regard, there is a gap 
formed betWeen the edge of substrate 2 and the edge of the 
cut-out of base plate 11. There is also an open space Which 
is not enclosed by base plate 11. 
When there is a nonuniform gap around the substrate, the 

plasma penetrates into the space in a nonuniform manner. 
For eXample, there is Weak diffusion of the plasma in the 
Wider portions of the space, Whereas in the narroWer por 
tions there is an effect similar to that of a holloW cathode, 
and a more concentrated plasma ?oWs in. It is also possible 
that there Will be minimal or almost no penetration of plasma 
if the gap is made suf?ciently narroW. 

In the case of a sputtering process, non-uniformity of the 
plasma results in non-uniformity of the sputter discharge, 
resulting in non-uniformity of the ?lm thickness deposited 
on a substrate. In addition, non-uniformity of the plasma 
also results in nonuniform processing using species Which 
are formed in the plasma. 

FIG. 5A is a graph shoWing the ?lm uniformity charac 
teristics at a radial distance of 40 mm from the center of a 
substrate on Which a magnetic thin ?lm has been produced 
using the conventional substrate holder device shoWn in 
FIG. 9. FIG. 5B is a graph shoWing the ?lm uniformity 
characteristics at a radial distance of 46.5 mm from the 
center of a substrate on Which a magnetic thin ?lm has been 
produced using the conventional substrate holder device 
shoWn in FIG. 9. The ?gures shoW the modulation charac 
teristic of a substrate on Which a magnetic thin ?lm Was 
produced by imposing a —300V direct-current bias voltage 
on the substrate. 

The modulation characteristic shoWn in the ?gures indi 
cates Whether or not there is modulation, i.e., abnormal 
variation of an output signal read from the substrate. In the 
present situation, such an abnormal variation is related to 
Whether or not the magnetic properties of the magnetic thin 
?lm produced on the substrate 2 are uniform around the 
periphery of the substrate. Speci?cally, FIGS. 5A and 5B 
shoW measurements of the coercive force and residual 
magnetic ?uX in the substrate circumferential direction after 
conversion to electrical signals. As noted, FIG. 5A shoWs the 
modulation characteristic at a radius of 40 mm, and FIG. 5B 
shoWs the modulation characteristic at a radius of 46.5 mm 
from the substrate center. 
As shoWn in FIG. 5A, When a conventional substrate 

holder is used, the output signal is generally uniform at the 
40 mm radius location, but as shoWn in FIG. 5B, the output 
signal is non-uniform and modulation occurs at a radius of 
46.5 mm. These results suggest that the non-uniformity is 
due to the varying gap siZe around the periphery of the 
substrate. The occurrence of modulation in the region close 
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to the peripheral edge of the substrate appears to be due to 
the non-uniformity of the plasma in the gap region. 
The inventors have determined that there are tWo Ways of 

preventing nonuniformity of processing due to non 
uniformity of the plasma in the gap. One Way is to make the 
siZe of the space around the substrate 2 as uniform as 
possible, so as to make the amount of plasma that enters (i.e., 
the plasma density) uniform. 
The second Way of preventing the non-uniform process 

ing due to nonuniformity of the plasma is to make the gap 
around the substrate 2 as small as possible, so as to prevent 
signi?cant penetration of the plasma. If plasma does not 
enter, then there Will be very limited (if any) variation in the 
processing of the substrate on the opposing sides of the 
substrate. FolloWing this approach, the gap formed betWeen 
the substrate and substrate holder in the device of the present 
invention is made to be betWeen 2 to 3 mm. 

FIG. 6A is a graph shoWing the ?lm uniformity charac 
teristics at a radial distance of 40 mm from the center of a 
substrate on Which a magnetic thin ?lm has been produced 
using the substrate holder device of the present invention. 
FIG. 6B is a graph shoWing the ?lm uniformity character 
istics at a radial distance of 46.5 mm from the center of a 
substrate on Which a magnetic thin ?lm has been produced 
using the substrate holder device of the present invention. As 
may be seen from a comparison betWeen FIGS. 5 and 6, 
When the device of the present invention is used, the output 
signal is uniform at both radial locations, and no modulation 
is observed. This provides a signi?cant improvement over 
the results obtained from prior art substrate holders, and 
permits a greater surface area of the substrate to be used for 
data storage, etc. 

Note that it is not possible to make the space around 
substrate 2 perfectly uniform and narroW. This is because it 
is necessary to leave a certain amount of space for insertion 
and/or movement of the support claWs. Further, it is neces 
sary to maintain sufficient separation to apply a bias voltage 
on the support claWs relative to grounded base plate 100. In 
these regions it is also important to prevent entry of plasma 
by making the gap in the portion Where the support claWs 
141, 142 and 143 are inserted as small as possible. 
The relationship betWeen the magnitude of the output 

signal modulation and the siZe of the gap formed around the 
substrate Will noW be discussed in greater detail. FIG. 7 is a 
graph shoWing the relation betWeen the siZe of a gap formed 
betWeen a substrate and the base plate of a substrate holder 
and the magnitude of the modulation indicating the degree 
to Which modulation increases When the gap is made larger. 
The siZe of the gap on the abscissa in FIG. 7 is the distance 
(indicated by (d) in FIG. 1) separating the edge of the 
generally circular opening in the substrate holder and the 
edge of the substrate. The magnitude of modulation on the 
ordinate is the difference betWeen the maXimum value and 
minimum value relative to the average value (c) of the 
output shoWn in FIG. 5, i.e., (a—b)/2c*100 (1%). 

If the gap is made small, plasma does not enter it in any 
substantial amount, and modulation is signi?cantly reduced. 
HoWever, it is not possible to state hoW small the gap should 
be made in order to reduce the modulation satisfactorily in 
all cases, since this is also a function of other plasma 
conditions such as pressure. The data shoWn in FIG. 7 is for 
an argon plasma at a pressure of 3 mTorr (milli-torr). 
As shoWn in FIG. 7, With a gap siZe of up to about 3 mm, 

the magnitude of the modulation is kept to 13%, Which is 
acceptable for most purposes. If the gap is larger than 7 mm, 
the magnitude of the modulation exceeds 15% and problems 
may arise. 
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Generally, as the pressure is increased, the plasma is able 
to penetrate into smaller gaps. However, under most condi 
tions if the gap is 3 mm or less, the modulation is at a level 
Which is loW enough to cause only minimal problems 
regardless of the pressure and bias voltage conditions. At 
pressure conditions Which are likely to be used in substrate 
processing the gap may be as large as 7 mm Without adverse 
effect. Preferably, therefore, the gap is 7 mm or less, and 
most preferably it is 3 mm or less. 

A second embodiment of the present invention Will noW 
be described. FIG. 8 is a schematic elevation vieW shoWing 
the structure of a second embodiment of substrate holder 
102 of the present invention. 

Substrate holder 102 of FIG. 8 includes a base plate 100 
and three support claWs 841, 842 and 843. Support claWs 
841, 842, and 843 are mounted on base plate 100 in a manner 
such that they contact the peripheral edge of a substrate 2 
and maintain the substrate in a vertical position. Support 
claW 841 is a ?xed support claW Which supports the edge of 
substrate 2 at the bottom of the substrate, and support claWs 
842 and 843 are movable support claWs Which contact the 
edge of substrate 2 at the sides of the substrate. 

The second embodiment of the present invention differs 
from that of FIG. 1 in that the front end of ?xed support claW 
841 is shaped so that it is longer in the direction along the 
edge of the substrate. As shoWn in FIG. 8, ?xed support claW 
841 is an element With an approximately square shape. The 
upper edge portion of ?xed support claW 841 projects 
upWard a little, and the front edge of this projecting portion 
has an arcuate shape Which is parallel to the bottom periph 
eral edge of substrate 2. The curvature of this arc of ?xed 
support claW 841 is approximately the same as the curvature 
of the peripheral edge of substrate 2. 

The front edge of ?xed support claW 841 has a shalloW 
V-shape, Which is used for ?tting into and supporting the 
loWer edge of substrate 2. 

Since in the embodiment of FIG. 8, ?xed support claW 
841 has the structure described, the precision With Which 
substrate 2 is supported at its bottom is improved. With the 
?xed support claW 141 shoWn in FIG. 1, there is a slight 
possibility of motion of the substrate support locations to the 
left or right, depending on the balance of the elastic forces 
of plate springs 155 Which hold movable support claWs 142 
and 143. The embodiment of FIG. 8 makes the substrate 
support at the bottom less prone to movement, since the 
loWer edge of the substrate is held Within the arcuate groove. 

Fixed support claW 841 is mounted on base plate 100 by 
means of a mounting ?xture 858. Mounting ?xture 858 is a 
generally square element having a grooved upper edge. 
Fixed support claW 841 is ?tted into the groove. The loWer 
corners of mounting ?xture 858 are ?tted into recesses as 
formed in base plate 100. Accordingly, ?xed support claW 
841 is detachably mounted on the base plate. 

Movable support claWs 842 and 843 of this embodiment 
are formed from single plate springs. The tip (end) portions 
of elements With the shapes of band plates are bent in the 
manner shoWn in FIG. 8, and these bent tip portions contact 
the side edge of a substrate 2 loaded into the substrate holder 
102. A mechanism of the type shoWn in FIG. 3 can be used 
as an opening and closing mechanism for opening and 
closing these movable support claWs 842 and 843. 
As shoWn in FIG. 8, bottlenecks 871 Which lead from the 

generally circular central opening are formed at the locations 
Where movable support claWs 842 and 843 are mounted. 
Movable support claWs 842 and 843 perform opening and 
closing actions While positioned in these bottlenecks 871. 
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The periphery of substrate 2 is surrounded by the edge of 

the generally circular opening in base plate 100, apart from 
the portions Where bottlenecks 871 and ?xed support claW 
841 are provided. The space betWeen the edge of the 
generally circular opening and the edge of the substrate is a 
narroW gap of about 3 mm. As in the ?rst embodiment of the 
invention, the siZe of the gap is expected to signi?cantly 
limit penetration of plasma around the substrate, and even if 
there is penetration, the manner in Which the plasma pen 
etrates is expected to be substantially uniform. As a result, 
the problem of non-uniform processing of the substrate Will 
be signi?cantly reduced, if not eliminated. Openings 872 in 
base plate 100 are formed in a manner such that they extend 
doWnWard from the outlets Which are the ends of bottleneck 
171. These openings are formed as spaces for permitting the 
plate springs to move. 

In FIG. 8, movable support claW 843 is shoWn as it ?rst 
contacts the side edge of substrate 2 at a preset position. 
Movable support claW 842 on the left side, as indicated by 
the full line in FIG. 8, has sWung inWard from the position 
of ?rst contact. In this state, movable support claW 842 
contacts the edge of opening 872 Which is nearer to substrate 
2. The edges of openings 872 Which are nearer to substrate 
2 function as inner-side stoppers to restrict the motion of 
movable support claWs 842 and 843. These inner-side stop 
pers prevent movable support claWs 842 and 843 from 
pushing substrate 2 beyond a desired limit, such that high 
precision of the substrate position in the horiZontal direction 
is maintained. 

Movable support claW 842 on the left, as indicated by the 
dashed line in FIG. 8, is shoWn moved further outWard from 
the preset position. In this state, the back of movable support 
claW 842 is in contact With the side of opening 872 Which is 
further aWay from substrate 2. These sides of openings 872 
Which are furthest aWay from substrate 2 function as outer 
side stoppers to restrict the motion of movable support claWs 
842 and 843. The existence of these outer-side stoppers 
prevents movable support claWs 842 and 843 from opening 
beyond desired limits and being plastically deformed. Note 
that inner-side stoppers and outer-side stoppers such as those 
described can also be provided in the ?rst embodiment of the 
present invention shoWn in FIG. 1. 

Although three support claWs 141, 142 and 143 (or 841, 
842, and 843) are described With reference to the ?rst and 
second embodiments, the present invention is intended to 
include the possible use of four or more support claWs. As 
With the ?rst described embodiment, the thickness of sup 
port claWs 841, 842, and 843 is preferably in the range of 0.2 
to 2 mm. 

Although the substrate holder of FIGS. 1 and 8 has been 
described as being suited for used in a thin ?lm deposition 
apparatus of the type shoWn in FIG. 11, it can also be used 
in other processing apparatus such as an etching apparatus or 
other surface modi?cation apparatus. 
As has been described, and in accordance With the present 

invention, since the bottom edge of the substrate is sup 
ported by a ?xed support claW, and tWo movable support 
claWs are installed in a manner such that they contact the 
side edge at locations Which are above the height of the 
center of the substrate, highly precise, stable support of the 
substrate is possible With just three support claWs. In 
addition, shadoW effects are reduced and the quality of 
substrate processing is improved. 

Further, since an opening and closing mechanism causes 
opening and closing operations by coming into contact With 
the movable support claWs or With elements Which hold the 
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movable support claws at locations Which are loWer than the 
height of the center of the substrate, adhesion to the substrate 
surface of particles Which are produced accompanying open 
ing and closing operations is reduced. 

The movable support claWs start to come into contact With 

the substrate at side-edge locations Which are betWeen 5 
degrees to 45 degrees relative to the center of the substrate 
When the substrate is set on the ?xed support claW. This 
reduces the number of particles produced Which are likely to 
contaminate the substrate due to the contact of the movable 
support claWs and rebounding of the substrate from the 
movable support claWs is signi?cantly reduced. 

Since the movable support claWs are provided at the tip 
ends of plate springs, the thickness of the plate springs can 
be set to a required thickness, and the thickness of the 
movable support claWs can be reduced. Therefore, the 
shadoW effects caused by the movable support claWs can be 
controlled and signi?cantly suppressed. 

In addition, there is the added advantage that high preci 
sion of the substrate positioning in the horiZontal direction 
is maintained, since the positioning of the movable support 
claWs is constrained. Further, since the movable support 
claWs are prevented from opening beyond desired limits, 
plastic deformation of the plate springs is prevented. 

Since the movable support claWs and the ?xed support 
claW are all detachably mountable on the base plate, main 
tenance Work for the removal of thin ?lms Which have been 
deposited on the support claWs can be undertaken easily, and 
the operating costs for the processing steps can be reduced 
compared to the case Where the entire substrate holder 
device is replaced. 

Since the gap around the substrate is a generally uniform 
space, even if plasma penetrates into this gap, it is less likely 
that non-uniform processing of the substrate due to this 
plasma penetration Will occur. Since the gap around the 
substrate is 7 mm or less, penetration of plasma into this gap 
is signi?cantly reduced under typical pressure conditions. 

Since the three support claWs and elements by Which the 
support claWs are mounted on the base plate have a Width 
Which is not more than the base plate thickness itself, and do 
not substantially project beyond the plate surface of the base 
plate, the structure is particularly suitable for use in situa 
tions in Which the substrate holder device is transported 
through a narroW gate valve. Since the tip portions of the 
support claWs are 0.2 mm to 2 mm thick, it is possible to 
signi?cantly reduce shadoW effects While maintaining 
mechanical strength. 

The terms and expressions Which have been employed 
herein are used as terms of description and not of limitation, 
and there is no intention in the use of such terms and 

expressions of excluding equivalents of the features shoWn 
and described, or portions thereof, it being recogniZed that 
various modi?cations are possible Within the scope of the 
invention claimed. 
What is claimed is: 
1. A substrate holder for supporting a substrate, compris 

mg: 
a base plate having an opening for receiving a substrate; 
at least three support claWs positioned on the base plate in 

a manner such that each of the support claWs contacts 
an edge of the substrate and maintains the substrate in 
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18 
a substantially vertical position When the substrate is 
loaded into the opening in the base plate, Wherein at 
least one of the support claWs is a ?xed support claW 
Which contacts a loWer edge of the substrate and at least 
tWo support claWs are movable support claWs that can 
be brought into contact With and separated from the 
edge of the substrate, and 

Wherein the movable support claWs are positioned such 
that the movable support claWs contact the edge of the 
substrate at locations above the height of the center of 
the substrate and Wherein a generally uniform gap is 
present betWeen the edge of the substrate and the base 
plate opening When the substrate is placed into the base 
plate opening the gap being suf?ciently narroW to 
substantially prevent plasma from entering into the gap. 

2. The substrate holder of claim 1, Wherein the movable 
support claWs engage the substrate at edge locations Which 
are betWeen 5 degrees and 45 degrees above a horiZontal line 
passing through the center of the substrate When the sub 
strate is set on the ?xed support claW. 

3. The substrate holder of claim 1, Wherein the movable 
support claWs are provided at the tip of a plate spring. 

4. The substrate holder of claim 1, further comprising: 
an inner-side stopper positioned in order to constrain the 

motion of the movable support claWs in a direction 
toWards the substrate. 

5. The substrate holder of claim 1, further comprising: 
an outer-side stopper positioned in order to constrain the 

motion of the movable support claWs in a direction 
aWay from the substrate. 

6. The substrate holder of claim 1, Wherein the movable 
support claWs and the ?xed support claW are detachably 
mountable on the base plate. 

7. The substrate holder of claim 1, Wherein the opening in 
the base plate has a generally circular shape With a diameter 
greater than that of the substrate, and the ?xed support claW 
and movable support claWs project inWard from an edge of 
the generally circular opening to contact the peripheral edge 
of the substrate. 

8. The substrate holder of claim 7, Wherein the gap 
betWeen the edge of the substrate and the edge of the 
generally circular opening is about 7 mm or less. 

9. The substrate holder of claim 1, Wherein the three 
support claWs have a Width Which is not more than the 
thickness of the base plate, and do not substantially extend 
above or beloW the surface of the base plate. 

10. The substrate holder of claim 7, Wherein the gap 
betWeen the edge of the substrate and the edge of the 
generally circular opening is about 3 mm or less. 

11. A substrate holder, comprising: 
a base plate having an opening for receiving a substrate; 
a plurality of support claWs positioned on the base plage 

in such a manner that each of the support claWs contacts 
an edge of the substrate to maintain the substrate in a 
substantially vertical position When the substrate is 
placed into the opening in the base plate, Wherein at 
least one of the plurality of support claWs is a ?xed 
support claW Which contacts the loWer edge of the 
substrate and at least tWo of the plurality of support 
claWs are movable support claWs that can be brought 
into contact With and separated from the edge of the 
substrate; 

Wherein the movable support claWs are positioned to 
contact the edges of the substrate and Wherein a gen 
erally uniform gap is present betWeen the edge of the 
substrate and the base plate opening When the substrate 
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is placed into the base plate opening, the gap being 
sufficiently narrow to substantially prevent plasma 
from entering into the gap. 

12. The substrate holder of claim 11, Wherein the movable 
support claW engage the substrate at edge locations Which 
are betWeen 5 degrees and 45 degrees above a horiZontal line 
passing through the center of the substrate When the sub 
strate is placed on the ?xed support claW. 

13. The substrate holder of claim 11, Wherein the movable 
support claW comprises the tip of a plate spring. 

14. The substrate holder of claim 11, further comprising 
an inner-side stopper positioned in order to constrain the 
motion of the movable support claW in a direction toWards 
the substrate. 

15. The substrate holder of claim 11, further comprising 
an outer-side stopper positioned in order to constrain the 
motion of the movable support claW in a direction away 
from the substrate. 

16. The substrate holder of claim 11, Wherein the movable 
support claW and the ?xed support claW are detachably 
mounted to the base plate. 

17. The substrate holder of claim 11, Wherein the gap 
betWeen the edge of the substrate and the edge of the 
generally circular opening is about 7 min or less. 
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18. The substrate holder of claim 11, Wherein the gap 

betWeen the edge of the substrate and the edge of the 
generally circular opening is about 3 min or less. 

19. A substrate holder for use in a plasma processing 
apparatus, comprising: 

a base plate having a generally circular opening into 
Which a substrate may be placed; and 

a plurality of support claWs for supporting the substrate 
When it is positioned Within the base plate opening, 
each of the support claWs comprising a tip end for 
engaging the substrate and a distal end for mounting the 
support claW, said tip portion being radially oriented in 
relation to the central aXis of the substrate; 

Wherein a gap is present betWeen the edge of the substrate 
and the base plate opening When the substrate in 
positioned Within the opening, and Wherein only the tip 
ends of the support claWs are present Within the gap 
When the substrate is held Within the base plate 
opening, said distal ends being outside of the gap. 

* * * * * 


